ABSTRACT. Life cycle of Eimeria krijgsmanni-like coccidium isolated from the feces of naturally infected mice purchased from commercial sources was examined. The parasite was purified by single oocyst isolation and maintained by passage in the mice before experiments. The sporulated oocysts were ovoid or ellipsoid, measuring 19.3 × 14.8 μm on average. One or two small polar granules were present. Micropyle and oocyst residuum were absent. Sporocysts were ellipsoid, measuring 11.6 × 7.2 μm on average with a small Stieda body and sporocyst residuum. Six groups of respective 5 mice (4-week-old) were inoculated with doses varying from 2.0 × 10 1 to 10 6 oocysts. All the mice examined began to shed oocysts from 7 day postinoculation (PI) and their maximum number of oocysts per gram of feces were 10 6 on day 8 PI. Patency was 6 or 7 days. This parasite had severe virulence to the mice that is, the mice given 10 6 oocysts showed anorexia, diarrhoea and rough hair from 1 day and all of them died on day 3 PI. The mice given 10 3 or more oocysts showed the clinical signs described above from day 5 and 4 of them received 10 5 died on day 9 or 10 PI. The parasites occurred within the epithelial cells of cecum, colon and rectum of infected mice. Sporozoites, 13.9 × 3.0 μm, with two large refractil bodies on side of the nucleus located subcentrally were observed on day 1 and 2 PI. Merozoites were first observed at 24 hr PI, and sexual stages were found from 4 day PI. No parasites were detected in the small intestine and mecenteric lymph nodes. Fourteen species of murine Eimeria have been described, except E. pragensis which of E. falciformis [7] . However, the life cycles of 9 species other than E. contorta, E. falciformis, E. falciformis var. pragensis, E. ferrisi, E. papillata and E. vermiformis [1, 5, 7, 8, 10, 11] were not examined well. We isolated a virulent strain of Eimeria from the naturally infected mice purchased from commercial sources. The oocysts of this coccidium were morphologically similar to those of E. krijgsmanni [9, 12] . However, the biological characteristics of E. krijgsmanni except oocyst morphology have not yet been clarified [9, 12] . Therefore, the exogenous and endogenous stages of the coccidium were examined and compared with other eimerian species described in mice.
Fourteen species of murine Eimeria have been described, except E. pragensis which of E. falciformis [7] . However, the life cycles of 9 species other than E. contorta, E. falciformis, E. falciformis var. pragensis, E. ferrisi, E. papillata and E. vermiformis [1, 5, 7, 8, 10, 11] were not examined well. We isolated a virulent strain of Eimeria from the naturally infected mice purchased from commercial sources. The oocysts of this coccidium were morphologically similar to those of E. krijgsmanni [9, 12] . However, the biological characteristics of E. krijgsmanni except oocyst morphology have not yet been clarified [9, 12] . Therefore, the exogenous and endogenous stages of the coccidium were examined and compared with other eimerian species described in mice.
MATERIALS AND METHODS

Parasite:
The parasite used in this study was first isolated from the faeces of naturally infected mice purchased from commercial sources. It was purified by a single oocyst isolation method [3] and maintained in the laboratory by routine passage through coccidia-free mice. Passaged oocysts were sporulated in 2% potassium dichromate solution at 25°C and stored at 4°C until use.
Experimental animals: Mice used were of the SPF ICR strain aged 4-week-old. They were obtained from a commercial source, raised in a coccidia-free environment, and examined for oocysts in their faeces by the sugar floatation method (specific gravity of sugar solution, 1.266) prior to experimentation.
Experimental procedures: Oocysts were washed in distilled water by repeated centrifugation to remove potassium dichromate solution. The plankton counting chamber was used for counting the oocyst inocula and shedding oocysts.
To determine the pathogenicity, prepatent and patent periods, 6 groups of respective 5 mice were inoculated orally with doses varying from 2.0 × 10 1 to 10 6 oocysts and thereafter the mice were examined for oocyst discharge and clinical symptoms.
To observe the endogenous stages, the other mice were inoculated with 10 6 or 10 5 oocysts. Respective 4 mice were necropsied at 6 hr intervals until 78 hr postinoculation (PI) and at 24 hr intervals from 4 to 7 day PI. Touch smears of mucous membrane of small and large intestines and mecenteric lymph nodes were air-dried, fixed in methyl alcohol, and stained with Giemsa solution. Various portions of the caecum and large intestine were fixed in buffered formalin, sectioned in 5 μm thick-ness, and stained with haematoxylin and eosin. They were then microscopically examined for coccidian parasites.
RESULTS
Description of the oocysts:
The sporulated oocysts were ovoid or ellipsoid, measuring 19.3 (16-22) × 14.8 (12) (13) (14) (15) (16) (17) μm in size (Fig. 1) . The length-width ratio was 1.31 (1.14-1.55). One or two small polar granules were present but micropyle and oocyst residuum were absent. Sporocyst were ellipsoid, measuring 11.6 (9-13) × 7.2 (5-9) μm. Sporocyst length-width ratio was 1.61 (1.32-2.07). A small Stieda body and sporocyst residuum were present.
Pathogenicity, prepatent and patent periods: The mice given 10 6 oocysts showed anorexia, blood diarrhoea and rough hair from 1 day and all of them died on day 3 (Fig. 2) .
The mice given 10 3 or more oocysts showed the same clinical signs described above from day 5 and 4 of them received 10 5 oocysts died on day 9 and 10. The mice given 10 2 oocysts showed only porridgy diarrhoea between day 9 and 14, although the mice given 10 1 oocysts did not show any clinical signs. All mice received 10 1 to 10 5 oocysts began to shed oocysts from 7 day PI and their maximum number of oocysts per gram of feces was 10 6 on day 8 ( Fig. 3) . The patency was 6 or 7 days in all the groups. When the mouse was inoculated with a single oocyst, the prepatent period was 8 days and the patency was 3 days.
Location in host:
The parasites occurred in all parts of the cecum, colon and rectum of infected mice. Most of the parasites were located in the epithelial cells at the tips of the villi (Fig. 4) . No parasites were detected in the stomach, duodenum, jejunum, ileum and mecenteric lymph nodes.
Asexual development: Sporozoites were observed between 6 hr and 54 hr PI. They were 13.9 (9.6-16.4) × 3.0 (1.3-5.1) μm in size and two large refractil bodies were present on either side of subcentrally located nucleus (Fig.  5A) .
First-generation young schizonts were first seen at 18 hr PI. The refractile bodies were clearly observed in the developing schizonts. Mature 1st-generation schizonts contained 3-6 merozoites (Fig. 5B) . First-generation merozoites were first seen at 24 hr PI. They were small (5.6-10.5 × 1.0-2.8 μm, 8 .0 × 1.8 μm on average) and had several small vacuoles (Fig. 5C ). The nucleus was present in the anterior portion of the cytoplasm.
Mature 2nd generation schizonts contained 6-9 merozoites. Second-generation merozoites were first seen at 36 hr PI (Fig. 5 D) . They were middle size (11.6-16.9 × 0.9-3.4 μm, 13.9 × 1.6 μm on average).
Mature 3rd-generation schizonts were observed from 42 hr PI and contained 15-20 merozoites (Fig. 5E ). Third-generation merozoites were similar to 1st-genaration merozoites in size, but they had not small vacuoles and the nucleus was present in the central portion of cytoplasm.
Fourth-generation schizonts contained 10-20 merozoites (Fig. 5F ). Fourth-generation merozoites were large (15.6-21.6 × 1.4-2.9 μm, 19.3 × 2.0 μm on average) in size and observed from 48 hr PI. The nucleus was present in the anterior portion of the cytoplasm (Fig. 5G) .
The merozoites detected between 54 hr and 7 day PI were morphologically similar to 3rd and 4th-generation merozoites, respectively.
Sexual development: Sexual stages were first seen from 4 day PI. Early microgametocytes were elongated in shape. Their nuclei were smaller and more compact than those of young schizonts were present at the central portion of the microgametocytes (Fig. 5H) . Mature microgametocytes were 9.9-22.7 × 9.1-15.3 μm in size and contained many microgametes and a large residual body (Fig. 5I) . Microgametes were banana-shaped or slender, measuring 4.1-4.8 × 0.3-0.5 μm with two flagella measuring about 10 μm long each (Fig. 5J ). Macrogametocytes were ovoid or spherical and 7.9 (5.1-11.4) × 6.4 (3.0-9.3) μm in size. A large nucleus and a nucleolus were bigger than those of the merozoites (Fig. 5K ). Zygotes were ovoid or sub-spherical and measuring 13.8 (10.5-20.1) × 11.9 (8.9-17.3) μm (Fig. 5L) .
The time of the transition from gametocytes to oocysts was 3 days (Fig. 6 ).
DISCUSSION
Morphological structure of the sporulated oocysts, prepatent period and location in the host are very important for the classification of coccidian parasites. The oocyst and sporocyst sizes of the present species and 14 species of Eimeria described in the mouse were summarized in Table  1 . The present species differs from E. keilini and E. paragachaica in the size of the oocyst [9, 12] . The oocysts of the other 12 species were similar in size to that of the present species. The other features of the oocysts, prepatent period and location in the host of the present species and 12 species were summarized in Table 2 . From the comparison, the present species appears to differ from 10 of them. It differs from E. arasinaensis having a micropyl at the oocyst wall [9] , and from E. hindlei and E. musculi lacking a residual body in the sporocyst [9, 12] . The present species also differs from E. falciformis, E. ferrisi and E. papillata which prepatent periods are 4 to 5 days [1, 4, 8, 10] , and from E. contorta, E. hansonorum, E. musculoidei, E. papillata and E. vermiformis in the parasitized location of the host [5, 9, 10, 11] . Although the morphological structure of sporulated oocysts, prepatent period and location in the host of the present species were similar to those of E. falciformis var. pragensis, morphology of the endogenous stages and the patent period were different between both species. The large merozoites (19.3 × 2.0 μm) were observed from 48 hr PI in the present species, however, they have been not detected in E. falciformis var. pragensis [7] . Moreover, the patent period of the present species was shorter than that of E. falciformis var. pragensis [7] . The present species is also discriminated from E. schueffneri in the parasitized location in the host and the morphology of microgametes. The present species occurred in all parts of the cecum, colon and rectum of the infected mice, however, E. schueffneri has been detected only in the cecum [2] . The microgametes (4.1-4.8 μm long) of the present species are larger than those (1.1 μm) of E. schueffneri [2] . In addition, E. schueffneri sporocysts (9-15 × 4.5-6.8 μm) [2] are slender than those (9-13 × 5-9 μm) of the present species. On E. krijgsmanni, Cerna [2] regarded the species as a synonym of E. schueffneri, because the original description of E. krijgsmanni [12] was deficient and the difference between these two species were scarcely found only except of a slightly varied index of the sporulated oocysts. However, the morphological structure of sporulated oocysts of the present species was quite similar to that of E. krijgsmanni and the difference between the present species and E. krijgsmanni could not been recognized, though the other biological characteristics could not been compared. Therefore, the present species was considered to be E. krijgsmanni. 
